Uterine serous papillary cancer (USPC) represents a rare but highly aggressive variant of endometrial cancer, the most common gynecologic tumour in women. We used oligonucleotide microarrays that interrogate the expression of some 10 000 known genes to profile 10 highly purified primary USPC cultures and five normal endometrial cells (NEC). We report that unsupervised analysis of mRNA fingerprints readily distinguished USPC from normal endometrial epithelial cells and identified 139 and 390 genes that exhibited 45-fold upregulation and downregulation, respectively, in primary USPC when compared to NEC. Many of the genes upregulated in USPC were found to represent adhesion molecules, secreted proteins and oncogenes, such as L1 cell adhesion molecule, claudin-3 and claudin-4, kallikrein 6 (protease M) and kallikrein 10 (NES1), interleukin-6 and c-erbB2. Downregulated genes in USPC included SEMACAP3, ras homolog gene family, member I (ARHI), and differentially downregulated in ovarian carcinoma gene 1. Quantitative RT -PCR was used to validate differences in gene expression between USPC and NEC for several of these genes. Owing to its potential as a novel therapeutic marker, expression of the high-affinity epithelial receptor for Clostridium perfringens enterotoxin (CPE) claudin-4 was further validated through immunohistochemical analysis of formalin-fixed paraffin-embedded specimens from which the primary USPC cultures were obtained, as well as an independent set of archival USPC specimens. Finally, the sensitivity of primary USPC to the administration of scalar doses of CPE in vitro was also demonstrated. Our results highlight the novel molecular features of USPC and provide a foundation for the development of new type-specific therapies against this highly aggressive variant of endometrial cancer.
Uterine cancer is the most prevalent gynecologic tumour in women, with an estimated 40,100 cases and 6800 deaths in the United States in 2003 (Jemal et al, 2003) . On the basis of clinical and histopathologic variables, two subtypes of endometrial carcinoma, namely Type I and Type II tumours, have been described (Bohkman, 1983) . Type I endometrial cancers, which account for the majority (i.e., about 80%) of cases, are usually well differentiated and endometrioid in histology. These neoplasms are frequently diagnosed in younger women, are associated with a history of hyperestrogenism as the main risk factor, and typically have a favourable prognosis with appropriate therapy. Type II endometrial cancers are poorly differentiated tumours, often with serous papillary or clear cell histology, and are not associated with hyperestrogenic factors. Although Type II tumours account for only a minority of endometrial carcinoma, about 50% of all relapses occur in this group of patients.
High-throughput technologies for assaying gene expression, such as high-density oligonucleotide and cDNA microarrays, have recently been used in an attempt to define the genetic fingerprints of a variety of human tumours including endometrial cancers (Smid-Koopman et al, 2000; Matsushima-Nishiu et al, 2001; Moreno-Bueno et al, 2003; Risinger et al, 2003) . These techniques may allow precise and accurate grouping of human tumours and have the potential to identify patients who are unlikely to be cured by conventional therapy (Sorlie et al, 2001; Rosenwald et al, 2002; Moreno-Bueno et al, 2003; Risinger et al, 2003) . Consistent with this view, clinically relevant genes highly differentially expressed between Type I and Type II endometrial tumours have recently been identified (Moreno-Bueno et al, 2003; Risinger et al, 2003) . Most of the differentially expressed genes in Type I tumours included genes known to be hormonally regulated during the menstrual cycle and known to be important in endometrial homeostasis (i.e., MGB2, LTF, END1, and MMP11) (Moreno-Bueno et al, 2003; Risinger et al, 2003) . In contrast, Type II tumours have been shown to overexpress genes involved in the regulation of the mitotic spindle checkpoint and associated with aneuploidy and an aggressive phenotype, such as STK15, BUB1, and CCNB2 (Moreno- Bueno et al, 2003; Risinger et al, 2003) .
Uterine serous papillary tumors (USPC) represent the most aggressive variant of Type II endometrial cancer and may constitute up to 10% of endometrial tumours. The microscopic criteria for diagnosis of USPC were first outlined by Hendrickson et al (1982) . Pleomorphism, grade III nuclear atypia with prominent nucleoli and vesicular chromatin pattern, as well as a high mitotic activity are commonly detected in this tumour. Clinically, USPC has a propensity for early intra-abdominal and lymphatic spread even at presentation and is characterised by a highly aggressive biologic behaviour (Hendrickson et al, 1982; Nicklin and Copeland, 1996) . Unlike the histologically indistinguishable high-grade serous ovarian carcinomas, USPC is a chemoresistant disease from onset, with responses to combined cisplatinum-based chemotherapy in the order of 20% and of short duration (Nicklin and Copeland, 1996) . The overall 5-year survival is about 30% for all stages and the recurrence rate after surgery is extremely high (50 -80%). A deeper understanding of the molecular basis of the aggressive biologic behaviour of USPC as well as the development of novel, more specific and more effective treatment modalities against this variant of endometrial cancer remain a high priority.
In this study, with the goal of identifying genes with a differential pattern of expression between USPC and normal endometrial cells (NEC) and to use this knowledge for the development of novel diagnostic and therapeutic markers against this disease, we used oligonucleotide microarrays which interrogate the expression of some 10 000 known genes to analyse gene expression profiling of 10 highly purified primary USPC cultures and five primary NEC. We report a number of genes which may readily distinguish USPC from normal endometrial epithelial cells. More importantly, these results highlight the novel molecular features of USPC and provide a foundation for the development of new type-specific diagnostic and therapeutic strategies for this disease.
MATERIALS AND METHODS

Establishment of USPC and NEC primary cell lines
A total of 15 primary cell lines (i.e., 10 USPC and five NEC) were established after sterile processing of samples from surgical biopsies collected between 1997 and 2004 at the University of Arkansas for Medical Sciences, as previously described for USPC specimens and NEC cultures (Bongso et al, 1988) . All fresh samples were obtained with appropriate consent according to IRB guidelines. Tumours were staged according to the FIGO operative staging system. A total abdominal hysterectomy with bilateral salpingo oophorectomy and bilateral pelvic lymphadenectomy was performed in all uterine carcinoma patients, while normal endometrial tissue was obtained from consenting donors undergoing surgery for benign pathology. No patient received chemotherapy or radiation before surgery. The patient characteristics are described in Table 1 . Tumour cells were collected for RNA extraction at a confluence of 50 -80% after a minimum of two to a maximum of 10 passages in vitro. The epithelial nature and the purity of USPC and NEC cultures were verified by immunohistochemical staining and flowcytometric analysis with antibodies against cytokeratin and vimentin as described previously (Bongso et al, 1988; Santin et al, 2002) . Only primary cultures which had at least 90% viability and contained 499% epithelial cells were used for total RNA extraction.
RNA purification and microarray hybridization and analysis
Detailed protocols for RNA purification, cDNA synthesis, cRNA preparation, and hybridization to the Affymetrix Human U95Av2 GeneChip microarray were performed according to the manufacturer's protocols, as reported previously (Zhan et al, 2002) .
Data processing
All data used in our analyses were derived from Affymetrix 5.0 software. GeneChip 5.0 output files are given as a signal that represents the difference between the intensities of the sequencespecific perfect match probe set and the mismatch probe set, or as a detection of present, marginal, or absent signals as determined by the GeneChip 5.0 algorithm. Gene arrays were scaled to an average signal of 1500 and then analysed independently. Signal calls were transformed by the log base 2 and each sample was normalized to give a mean of 0 and variance of 1.
Gene expression data analysis
Statistical analyses of the data were performed with the software packages SPSS10.0 (SPSS, Chicago, IL) and the significance analysis of microarrays (SAM) method (Tusher et al, 2001) . Genes were selected for analysis based on detection and fold change. In each comparison, genes having 'present' detection calls in more than half of the samples in the overexpressed gene group were retained for statistical analysis if they showed 45-fold change between groups. Retained genes were subjected to SAM to establish a false discovery rate (FDR), then further filtered via the Wilcoxon rank sum (WRS) test at alpha ¼ 0.05. The FDR obtained from the initial SAM analysis was assumed to characterise genes found significant via WRS.
Gene cluster/treeview
The hierarchical clustering of average-linkage method with the centred correlation metric was used (Eisen et al, 1998) . For the unsupervised hierarchical clustering, a total of 7328 probe sets were scanned across 10 USPCs and five NECs. The 7328 probe sets were derived from 12 588 by filtering out all control genes, all genes with absent detections, and genes not fulfilling the test of standard deviation greater than 0.5 (0.5 being the log base 2 of the signal). Only genes significantly expressed by both WRS and SAM analyses and whose average change in expression level was at least five-fold are shown in the Results section. USPC 1  65  White  IV B  USPC 2  75  Afro-American  III C  USPC 3  75  Afro-American  IV A  USPC 4  59  White  IV A  USPC 5  59  White  III C  USPC 6  62  Afro-American  IV B  USPC 7  63  Afro-American  III C  USPC 8  61  Afro-American  III C  USPC 9  78  White  III C  USPC 10 64 Afro-American IV A
Quantitative real-time PCR (q-RT -PCR)
Quantitative real-time PCR was performed with an ABI Prism 7000 Sequence Analyzer using the manufacturer's recommended protocol (Applied Biosystems, Foster City, CA, USA) to validate differential expression of selected genes in samples from all 15 primary cell lines (10 USPC and five NEC). Each reaction was run in triplicate. The comparative threshold cycle (C T ) method was used for the calculation of amplification fold as specified by the manufacturer. Briefly, 5 mg of total RNA from each sample was reverse transcribed using SuperScript II Rnase H Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA). In all, 10 ml of reverse-transcribed RNA samples (from 500 ml of total volume) was amplified by using the TaqMan Universal PCR Master Mix (Applied Biosystems) to produce PCR products specific for cyclindependent kinase inhibitor 2A (CDKN2A/p16 and CDKN2A/ p14ARF), L1 cell adhesion molecule (L1CAM), claudin-3, claudin-4, GRB7, and c-erbB2. Primers specific for 18s ribosomal RNA and empirically determined ratios of 18s competimers (Applied Biosystems) were used to control for the amounts of cDNA generated from each sample. Sequences for primers and probes are available on request. Differences among USPC and NEC in the q-RT -PCR expression data were tested using the Kruskal -Wallis nonparametric test. Pearson product -moment correlations were used to estimate the degree of association between the microarray and q-RT -PCR data.
Claudin-4 immunostaining of formalin-fixed tumour tissues
Claudin-4 protein expression was evaluated by immunohistochemical staining on formalin-fixed tumour tissue from which primary cultures were obtained. In addition, to further confirm transcriptional profiling results of USPC, claudin-4 marker was also evaluated by immunohistochemistry in a second independent set of eight USPC clinical tissue samples obtained from patients harbouring advanced stage disease (i.e., stage III and IV) treated at the UAMS during the same period. Study blocks were selected after histopathologic review by a surgical pathologist. The most representative haematoxylin and eosin-stained block sections were used for each specimen. Briefly, immunohistochemical stains were performed on 4-mm-thick sections of formalin-fixed, paraffinembedded tissue. After pretreatment with 10 mM citrate buffer at pH 6.0 using a steamer, they were incubated with mouse anticlaudin-4 antibodies (cat. #: 18-7341; Zymed Laboratories Inc., San Francisco, CA, USA) at 1 : 2000 dilution. Antigen-bound primary antibodies were detected using standard avidin -biotin immunoperoxidase complex (Dako Corp., Carpinteria, CA, USA). Cases with less than 10% staining in tumour cells were considered negative for claudin expression, while positive cases were classified as follows regarding the intensity of claudin-4 protein expression: (a) þ , focal membrane staining; (b) þ þ , diffuse membrane staining; and (c) þ þ þ , diffuse membrane and cytoplasmic staining.
Clostridium perfringens enterotoxin (CPE) treatment of primary USPC cell lines and trypan blue exclusion test Tumour samples obtained from three patients harbouring advanced USPC (i.e., USPC 1, USPC 2, and USPC 3) and two NEC cultures derived from similar-aged women were seeded at a concentration of 1 Â 10 5 cells well À1 into six-well culture plates (Costar, Cambridge, MA, USA) with the appropriate medium. Tumour samples and control cell lines were grown to 80% confluence. After washing and renewal of the medium, recombinant CPE cloned and purified as previously described (Michl et al, 2001 ) was added to final concentrations ranging from 0.03 to 3.3 mg ml À1 . After incubation for 60 min to 24 h at 371C, 5% CO 2 , floating cells were removed and stored, and attached cells were trypsinised and pooled with the floating cells. After staining with trypan blue, viability was determined by counting the number of trypan blue-positive cells and the total cell number.
RESULTS
Gene expression profiles distinguish USPC from NEC and identify differentially expressed genes
To minimise the risk of contamination of USPC RNA with that of normal cells or tumour cells with different histology (i.e., endometrioid or clear cells), as well as to reduce the complexity of gene expression data analysis, in this study we extracted RNA from short-term primary tumour cell cultures collected only from USPC with single-type differentiation (i.e., pure USPC). Short-term USPC and NEC cell cultures, minimising the risk of a selection bias inherent in any long-term in vitro growth, may provide an opportunity to study differential gene expression between highly enriched populations of normal and tumour-derived epithelial cells. Accordingly, comprehensive gene expression profiles of 10 primary USPC and five primary NEC cell lines were generated using high-density oligonucleotide arrays with 12 588 probe sets, which in total interrogated some 10 000 genes. Using unsupervised hierarchical cluster analysis with 7238 probe sets, we identified differences in gene expression between USPC and NEC, which readily distinguished the two groups of primary cultures. As shown in Figure 1 , all 10 USPC were found to group together in the rightmost columns of the dendrogram. Similarly, in the leftmost columns, all five NEC were found to cluster tightly together. After filtering out most 'absent' genes, the SAM and the nonparametric WRS test (Po0.05) were performed to identify genes differentially expressed between USPC and NEC. A total of 2829 probe sets were found differentially expressed between USPC and NEC with Po0.05 by WRS and with a median FDR of 0.35% and a 90th percentile FDR of 0.59% by SAM. Of the 2829 aforementioned probe sets, there were 529 probe sets showing 45-fold change. As shown in Table 2 , a group of 139 probe sets were found highly expressed in USPC and underexpressed in NEC. Included in this group of genes are CDKN2A/p16/p14ARF (101-fold), L1CAM (25-fold), claudin-3 (eight-fold), and claudin-4 (12-fold), kallikrein 6
Figure 1 Unsupervised hierarchical clustering of 15 primary uterine cell lines (i.e., 10 USPC and five NEC). The cluster is colour coded using red for upregulation, green for downregulation, and black for median expression. Agglomerative clustering of genes is illustrated with dendrograms. (protease M) (19-fold), and kallikrein 10 (NES1) (23-fold), interleukin-6 (19-fold), interleukin-18 (10-fold), and plasminogen activator receptor (PLAUR) (seven-fold) (Table 2) . Importantly, c-erbB2, a gene recently found by our group to be highly differentially expressed in USPC when compared to ovarian serous papillary tumours (Santin et al, 2004) , was 14-fold more highly expressed in USPC than in NEC ( Table 2 ). The second profile was represented by 390 genes that were highly expressed in NEC and underexpressed in USPC. Table 3 depicts the genes showing 410-fold change. Included in this group of genes are transforming growth factor beta receptor III, platelet-derived growth factor receptor alpha, SEMACAP3, ras homolog gene family, member I (ARHI), and differentially downregulated in ovarian carcinoma 1 (DOC1).
Validation of the microarray data
We used q-RT -PCR assays to validate the microarray data. Seven highly differentially expressed genes between USPC and NEC (i.e., CDKN2A/p16, CDKN2A/p14ARF (101-fold), L1CAM (25-fold), claudin-3 (eight-fold), claudin-4 (12-fold), GRB-7 (19-fold), and c-erbB2 (14-fold)) were selected for q-RT -PCR analysis. A comparison of the microarray and q-RT -PCR data for six of these genes is shown in Figure 2 . Expression differences between USPC and NEC for CDKN2A/p16 (P ¼ 0.002), CDKN2A/p14ARF (P ¼ 0.002), claudin-3 (P ¼ 0.01), claudin-4 (P ¼ 0.002), GRB-7 (P ¼ 0.002) and c-erbB2 (P ¼ 0.01) were readily apparent (Table 2 and Figure 2) . Moreover, for all seven genes tested, the q-RT -PCR data were highly correlated to the microarray data (Po0.001) (r ¼ 0. 81, 0.80, 0.75, 0,69, 0.82, 0.71 and 0.65, respectively) , with all the samples (i.e., 10 USPC and five NEC) included in both the q-RT -PCR and microarray experiments. Thus, q-RT -PCR data suggest that most array probe sets are likely to accurately measure the levels of the intended transcript within a complex mixture of transcripts.
Claudin-4 expression by immunohistology on USPC and NEC tissue blocks
To determine whether the high or low expression of the claudin-4 gene detected by microarray and q-RT -PCR assays in primary USPC and NEC cell lines, respectively, is the result of a selection of a subpopulation of cancer cells present in the original tumour, or whether in vitro expansion conditions may have modified gene expression, we performed immunohistochemical analysis of claudin-4 protein expression on formalin-fixed tumour tissue from the uncultured primary surgical specimens from which the USPC cell lines were derived. As shown in Table 4 and representatively in Figure 3 , both cytoplasmic and membranous staining for claudin-4 protein expression was noted in the majority of USPC specimens (i.e., 90% score 3 þ and 2 þ ). In contrast, only low levels of membranous staining for claudin-4 protein was found in the NEC tissue samples tested by immunohistochemistry (Table 4 , Figure 3 , P ¼ 0.02 USPC vs NEC by Student t-test). To confirm and validate the immunohistochemical results in an independent series of USPC, formalin-fixed tumour tissue blocks from eight further surgical specimens (i.e., USPC 11 -18, Table 4 ) similarly obtained from patients harbouring advanced stage disease were tested for claudin-4 expression. Again, heavy cytoplasmic and/or membranous staining for the claudin-4 receptor was found in the striking majority of the further USPC sample tested.
Effects of CPE on primary USPC and normal control cells
The sensitivity of primary uterine serous tumour cultures to CPEmediated cytolysis was tested along with an appropriate claudin-3-and claudin-4-expressing positive control (i.e., Vero cells, obtained from the American Type Culture Collection), and negative controls which do not express detectable levels of either claudin-3 or claudin-4. As shown in Figure 4 , all primary USPC tested were found highly sensitive to CPE-mediated cytolysis. The cytotoxic effect was dose dependent and was positively correlated to the levels of either claudin-3 or claudin-4 expression as tested by RT -PCR in tumor samples. Importantly, although uterine serous tumours demonstrated different sensitivities to CPE exposure, no USPC was found viable after 24 h exposure to CPE at the concentration of 3.3 mg ml À1 . In contrast, all normal controls tested, including endometrial epithelium, fibroblasts and mononuclear cells lacking claudin-3 or claudin-4, were not affected by CPE (Figure 4) .
DISCUSSION
This report represents the first communication of an investigation involving the genome-wide examination of differences in gene expression between primary USPC and normal endometrial cells (NEC) . In this study, we have used short-term primary USPC and NEC cultures (to minimise the risk of a selection bias inherent in any long-term in vitro growth) to study differential gene expression in highly enriched populations of epithelial tumour cells and normal cells. We found that hierarchical clustering of the samples and gene expression levels within the samples led to the unambiguous separation of USPC from NEC. We detected 529 Figure 2 Quantitative RT -PCR and microarray expression analysis of CDKN2A/p16, CDKN2A/p14ARF, claudin-3, claudin-4, GRB-7 and c-erbB2 genes differentially expressed between USPC and NEC. Quantitative RT-PCR data were highly correlated to the microarray data (Po0.001). genes differentially expressed between USPC and NEC, whose average change in expression level between the two groups was at least five-fold and which were found significant with both WRS test and SAM analysis. The known function of some of these genes may provide insights into the molecular pathogenesis and the highly aggressive biologic behaviour of uterine serous tumours, while others may prove to be useful diagnostic and therapeutic markers against this disease. For example, the cyclin-dependent kinase inhibitor 2A (CDKN2A) gene was found to be the most highly differentially expressed gene in USPC with over 101-fold upregulation relative to NEC. Importantly, the CDKN2A gene is a putative oncosuppressor gene encoding two unrelated proteins, both cellular growth inhibitors, in different reading frames (Quelle et al, 1995) . One is p16, which regulates retinoblastoma protein (pRb)-dependent G1 arrest, and the second is p14ARF, which blocks MDM2-induced p53 degradation, resulting in an increase in p53 levels and consequent cell cycle arrest (Quelle et al, 1995) . Although loss of p53 function is considered critical for the molecular pathogenesis of USPC (Moll et al, 1996) , it is only recently that abnormality of the Rb pathway has been suggested to define a subgroup of aggressive endometrial carcinomas with poor prognosis (Salvesen et al, 2000) . Quantitative RT-PCR analysis of expression of both p16 and p14ARF in our USPC series found extremely high levels of both transcripts, suggesting that the marked overexpression of the CDKN2A gene may be attributable to a negative feedback loop due to the loss of function of both pRb and p53 proteins (Moll et al, 1996; Salvesen et al, 2000) . Consistent with this view, an inverse relationship between the expression of p16 and p14ARF proteins and the presence of normal or functional Rb and p53 in human cancer cells has been previously demonstrated (Khleif et al, 1996) . Thus, our data suggest for the first time that CDKN2A gene overexpression may represent a consistent genetic anomaly of USPC secondary to an autoregulatory feedback loop due to disruption of both the p16-CDK4/cyclin D1-pRb pathway and the p14ARF-MDM2-p53 pathway.
Among the several potential therapeutic target gene products identified, genes encoding tight junction (TJ) proteins claudin-3 and claudin-4 were consistently found as two of the most highly upregulated genes in USPC, with over eight-and 12-fold upregulation, respectively, relative to NEC. To the best of our knowledge, claudin-3 and claudin-4 overexpression has not been previously linked to USPC. Although the exact function of claudin-3 and claudin-4 in USPC is still unclear, these proteins have recently been shown to represent the epithelial receptors for CPE (Katahira et al, 1997) , and to be the only family members of the transmembrane tissue-specific claudin proteins capable of mediating CPE binding and cytolysis. As CPE may trigger a multistep mechanism leading to efficient lysis of mammalian target cells overexpressing claudin-3 and claudin-4 by an increase in membrane permeability resulting in loss of osmotic equilibrium (McClane 1996) , CPE-mediated therapy might be a novel, potentially highly effective, strategy for the treatment of USPC refractory to chemotherapy as well as other human tumours overexpressing claudin-3 and/or claudin-4 (Long et al, 2001; Michl et al, 2001) . Mammalian cells that do not express either claudin-3 and/or claudin-4 fail to bind CPE and are not susceptible to CPE cytotoxicity (McClane 1996) . Consistent with this view, all primary USPC evaluated, including those found to be resistant to chemotherapy in vivo (i.e., USPC-1 and USPC-2, data not shown), were found highly sensitive to CPE-mediated killing in vitro. This was in strong contrast with the lack of sensitivity of normal control cells to CPE-mediated cytolysis. Although USPC tumours demonstrated different sensitivity to CPE exposure, no cancer was found viable after 24 h exposure to CPE at a concentration of 3.3 mg ml À1 , a dose well tolerated by in vivo administration of CPE in murine animal models (Wallace et al, 1999) . More extensive studies will be necessary to evaluate the potential and feasibility of CPE therapy in vivo in human patients. Nevertheless, our results provide strong evidence to suggest that CPE-based therapy may have great potential in the treatment of USPC patients refractory to standard treatment modalities. Protein expression data obtained by immunohistochemistry with anti-claudin-4 antibody on an independent set Figure 3 Representative immunohistochemical staining for claudin-4 on two paraffin-embedded USPC specimens (B -C) and one NEC specimen (A). Normal endometrial cell 1 (upper panel) showed light membrane staining for claudin-4, while USPC 1 and USPC 3 showed heavy cytoplasmic and membranous staining for claudin-4 (middle and lower panel). Note the large difference in the size of USPC cells when compared to the control glandular epithelium of a menopausal women. Original magnification Â 400.
of USPC blocks further support the proposal that claudins may represent therapeutic targets.
The organization of kallikreins, a gene family now consisting of 15 genes that encode for trypsin-like or chymotrypsin-like serine proteases, has been recently elucidated (Diamandis and Yousef, 2002) . Serine proteases have well-characterized roles in diverse cellular activities, including blood coagulation, wound healing, digestion, and immune responses, as well as tumour invasion and metastasis (reviewed in Diamandis and Yousef, 2002) . Secreted serine proteases such as prostate-specific antigen (PSA) and kallikrein 2 have already found important clinical application as prostate cancer biomarkers (Diamandis and Yousef, 2002) . Of interest, kallikrein 6 (also known as zyme/protease M/neurosin) and kallikrein-10 (NES1), two serine proteases recently shown to be present at high levels in the circulation of a subset of ovarian cancer patients Luo et al, 2003) , were both highly differentially expressed genes in USPC when compared to NEC. Kallikrein 6 and kallikrein 10 overexpression has been shown to correlate with intrinsic resistance to adjuvant chemotherapy and with a poor prognosis in ovarian cancer patients Luo et al, 2003) . These data are thus consistent with our results showing high expression of kallikrein 6 and kallikrein 10 in USPC, a variant of endometrial carcinoma characterised by an aggressive biologic behaviour and an inborn resistance to chemotherapy (Nicklin and Copeland, 1996) . In addition, these results further emphasise the view that kallikrein 6 and kallikrein 10 have the potential to become novel cancer markers for early diagnosis and/or monitoring of USPC, as well as possible immunotherapeutic targets of vaccination strategies against recurrent/refractory serous papillary gynecologic tumours .
c-erbB2 gene was found to be one of the most highly differentially expressed gene in USPC with over 14-fold upregulation compared with NEC. Furthermore, the growth factor receptorbound protein 7 (GRB7), a gene tightly linked to c-erbB2 and previously reported coamplified and coexpressed with this gene in several cancer types (Janes et al, 1997) , was also highly differentially expressed in USPC compared to NEC. These data confirm our recent discovery of a striking overexpression of the cerbB2 gene product HER2/neu on 80% of pure USPC . Thus, HER2/neu overexpression may represent a distinctive molecular marker that, in addition to having the potential to facilitate differentiation of USPC from the histologically indistinguishable high-grade serious ovarian tumours (Santin et al, 2004) , may also provide insights into the disproportionately poor prognosis of USPC patients (Lukes et al, 1994; Santin et al, 2002 Santin et al, , 2004 . Previous studies have reported that HER2/neu overexpression in USPC patients may be associated with resistance to chemotherapeutic drugs and shorter survival (Lukes et al, 1994) . However, high overexpression of the c-erbB2 gene on USPC provides support for the notion that trastuzumab (Herceptin, Genentech, San Francisco, CA, USA), a humanised anti-HER-2/ Neu antibody that is showing great promise for treatment of metastatic breast cancer patients overexpressing HER-2/Neu protein (Slamon et al, 2001) , may be a novel, potentially highly effective therapy against USPC. Consistent with this view, high sensitivity of USPC to natural killer (NK) cell-mediated antibodydependent cytotoxicity triggered by anti-HER-2/Neu-specific antibody in vitro , as well as clinical responses in vivo (Villella et al, 2003) , have recently been reported with the use of Herceptin in USPC patients.
Several other highly ranked genes have been identified in our USPC gene expression profiling analysis, including membraneassociated protein 17 (MAP17), galanin, urokinase plasminogen activator receptor (UPAR), interleukin-6, forkhead box M1, interleukin-18, dickkopf homolog 1 (DKK1), coagulation factor II (thrombin) receptor-like 1, transforming growth factor, alpha, interleukin 8, topoisomerase (DNA) II alpha, hyaluronan-mediated motility receptor (RHAMM), and secretory leukocyte protease inhibitor (antileukoproteinase). For most of the genes found differentially expressed in our experiments, a correlation with USPC cancer development and progression has not been recognised before. DKK1, for example, has been recently reported by our group to play an important role in the development of osteolytic lesions in multiple myeloma (Tian et al, 2003) , but its possible role in USPC pathogenesis and/or progression has not been elucidated. For other genes such as UPAR, a glycosylphosphatidylinositol-anchored glycoprotein whose role in promoting tumour cell invasion and metastases has been well established in a number of experimental studies, a correlation with high expression in the USPC phenotype has been recently reported (Memarzadeh et al, 2002) . A large number of downregulated (at least five-fold) genes in USPC vs NEC, such as transforming growth factor beta receptor III, platelet-derived growth factor receptor alpha, SEMACAP3, ras homolog gene family member I (ARHI), and DOC1 (Table 3) , have been identified in our analysis. Some of these genes encode for widely held tumor suppressor genes such as SEMACAP3, ARHI, and DOC1 (Liu and Ganesan, 2002) , others for proteins important for tissue homeostasis or that have been previously implicated in apoptosis, proliferation, adhesion, or tissue maintenance. Owing to space limitations, we will not comment further upon the cluster of genes that showed downregulation of the transcripts in invasive tumours.
In conclusion, multiple USPC restricted markers have been identified through our analysis. Most of these genes have not been previously linked with this disease and thus represent novel findings. The identification of HER2/neu and CPE epithelial receptors among others as some of the most highly differentially expressed genes in USPC when compared to NEC suggest that therapeutic strategies targeting HER2/neu by monoclonal antibodies (Villella et al, 2003) and claudin-3 and claudin-4 by local and/or systemic administration of CPE (Long et al, 2001; Michl et al, 2001 ) may represent novel potentially effective modalities for the treatment of patients harbouring this highly aggressive and chemotherapy-resistant variant of endometrial cancer. The future design and implementation of clinical trials at this regard will ultimately determine the validity of these approaches.
